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APPLICATION FOR PATENT 
Inventors: Haim Perski, Meir Morag 

TITLE OF THE INVENTION 
Touch Detection for a Digitizer 

RELATIONSHIP TO EXISTING APPLICATIONS 

The present application claims priority from US Provisional Application No. 
60/446,808, filed February 10, 2003, and US Provisional Application No. 60/501,484 
filed September 5, 2003, the contents of which are hereby incorporated by reference. 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to a combined touch and stylus digitizer and, 
more particularly, but not exclusively to adaptations for the detection of finger touch. 

The popularity of computers has given rise to extensive research and 
development in the field of digitizers and touch screens. There are many inventions 
describing touch panels but very few describe a digitizer capable of detecting both an 
EM stylus and finger touch using the same sensing device. US patent application 
09/629,334 "Physical Object Location Apparatus and Method and a Platform using 
the same" filed July 7 th 2000 assigned to N-trig Ltd and US patent application 
number 09/628,334 "Transparent Digitizer" filed August 28, 2003 also assigned to 
N-trig Ltd describe positioning devices capable of detecting multiple physical objects, 
preferably styluses, located on a flat screen display. 

US patent application number 10/270,373 "Dual Function Input Device And 
Method" filed October 15, 2002 and assigned to N-trig Ltd, describes a system capable 
of detecting electro magnetic objects and finger touch using the same transparent 
sensor. In the disclosure, the finger touch detection is implemented by a matrix of 
resistive stripes that are merged into the EM detection pattern. A special separation 
layer is placed between the conductor layers so as simultaneously to enable touch stripe 
contact and prevent contact between the EM lines. Additional electronics are required 



to drive and read the touch signals from the sensor. The major disadvantage of this 
method is the additional complexity to both sensor and electronics. 

US Patent No. 3,944,740 employs an input pad mounted over the top of a 
plasma panel display. The input pad is a matrix of conductive rows and columns that 
are arranged so that a stylus having a conductive tip can short circuit a row electrode 
and a column electrode at its point of contact, with current conducted through the row 
and column electrodes representing the stylus location. US Patent No. 4,639,720 
employs a similar idea using conductive pixels rather then a matrix of rows and 
columns. 

Two major disadvantages of the above patents are low resolution of the stylus 
detection and inability to specifically detect an electromagnetic type stylus. Since the 
stylus is detected only when it shortcuts two adjutant lines\pixels it is impossible to 
track it when it is located between the lines\pixels. Therefore the resolution of the 
stylus detection is limited to the proximity of the lines\pixels. The stylus detection, as 
disclosed in these patents, is inherently different from the one described in the 
presently preferred embodiments. US Patent No. 6,239,389 describes a method of 
finger detection by measuring a first set of voltage values from each conductive line, 
and calculating a weighted average of these samples with respect to samples made 
without the presence of a finger. The sensor is constructed from a series of plates 
arranged in rows and columns and connected by a conductive line. The main 
disadvantages of this method are that it requires an arithmetic unit for calculating the 
weighted average of the sampled values, it does not allow the detection of an EM 
stylus and the sensor is not transparent. 

US Patent No. 4,550,221 describes a sensor array comprising of series of 
conductive plates/pixels connected by a conductive wire. A finger touch changes the 
pixel's capacitance with respect to ambient ground. The change is detected and 
translated to indicate a finger's position. The disclosure does not allow the detection 
of an EM stylus together with finger detection. The sensor's plates\pixels are not 
transparent and therefore cannot be mounted on a display screen. 

US Patent No. 4,293,734 employs two current sources driving predetermined 
currents through each end of the antenna. The finger's position is calculated using 
Kirchoff s laws for current leakage through the finger to the ground. Disadvantages 
of the detection system disclosed therein are that it does not allow the detection of an 



3 

EM stylus. Rather it requires current flows from both ends of the conductive surface 
which is in evidently power consuming. Furthermore, the detection is analog and 
involves relatively complicated circuitry. 

US Patent No. 6,452,514 employs two or more electrodes arranged to create 
an electric field transmitted through an adjacent dielectric, which can be disturbed by 
the proximity of a conductive object. A charge transfer measurement circuit is 
connected to one of the electrodes to determine the existence of the object. The 
disclosure teaches connecting each electrode to an individual charge transfer 
measurement unit. Disadvantages of the above invention are the inability to detect an 
EM stylus, low update rate and limited resolution. 

US Patent No. 6,583,676 describes a method of detecting a finger's added 
capacitance upon application of a frequency change. A calibration circuit and method 
for a proximity/touch detector allow automatic calibration to the proximity/touch 
detector components, chassis affects, and ambient conditions such that initial factory 
calibration and periodic manual calibration are not needed. The calibration circuit 
switches a capacitance into the input capacitance of a Schmitt trigger free running 
oscillator to change the output frequency of the oscillator. A capacitive sensor forms 
part of the input capacitance. The change in frequency simulates the frequency shift 
associated with the difference in input capacitance generated when an object, such as 
a finger, is touching the capacitive sensor and when the capacitive sensor is free from 
contact with the object. The most evident disadvantages of this invention is the need 
for additional hardware and the inability to detect an EM stylus. 

Other methods of finger detection can be founds in US patents No. 6,587,093, 
6,633,280, 6,473,069, and 6,278,443. The above describe methods of finger detection 
all inherently different from the methods described hereinbelow, and none combine 
the ability to sense both an EM stylus and a finger touch. 

There is thus a widely recognized need for, and it would be highly 
advantageous to have, a digitizer system devoid of the above limitations. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is provided a detector 
for providing position detection of a first kind together with position detection of a 
second kind, the detector comprising: 



a sensor, 

a patterned arrangement of sensing conductors extending within the sensor, 

and 

detection circuitry associated with the arrangement for detecting signals at 
same sensing conductors arising from the position detection of a first kind and signals 
arising from the position detection of a second kind, therefrom to detect positions at 
the sensor. 

Preferably, the position detection of a first kind comprises resonance-based 
object detection of an object able to produce an electromagnetic resonant field. 

Preferably, the position detection of a first kind comprises capacitive-based 
touch detection. 

Preferably, the position detection of a first kind comprises resonance-based 
object detection of an object able to produce an electromagnetic resonant field and the 
position detection of a second kind comprises capacitive-based touch detection. 

Preferably, the detection circuitry is capable of detecting interactions of the 
first kind and the interactions of the second kind simultaneously. 

Preferably, the detection circuitry is capable of detecting interactions of the 
first kind and the interactions of the second kind independently. 

Preferably, the sensor is located over a detection region, and comprises an 
oscillator for providing an oscillating signal, excitation circuitry for providing an 
excitation signal capable of exciting a resonant circuit of an electromagnetic 
stylus-type object, wherein the patterned arrangement comprises conductive elements 
extending over the detection region, and wherein the detection circuitry is adapted for 
detecting the capacitive effect of a conductive object, such as finger touch, and 
resonance from the electromagnetic stylus-type object at the at least one conductive 
element. 

Preferably, the oscillator is connected to provide the oscillating signal to the 
excitation circuitry and also to provide an excitation signal for the capacitive based 
touch detection. 

Preferably, the sensor is substantially transparent and suitable for location over 
a display screen. 
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Preferably, the detection region is the surface of a display screen and wherein 
the sensor including the at least one conductive element is substantially transparent. 

The detector may comprise a plurality of conductive elements and the 
detection circuitry may comprise a differential detector arrangement associated with 
the sensing conductors for detecting differences between outputs of the conductors. 

Preferably, the sensing circuitry is configured for sensing a signal at the at 
least one sensing conductive element induced by a touch of a conductive object 
subjected to a transmission of the oscillated signal. 

Preferably, there is provided at least a second conductive element located 
within the sensor and having a junction with the one conductive element, wherein the 
oscillator is applied to one of the conductive element and the junction is configured 
such that a touch by a capacitive body part causes an a.c short at the junction, the 
detector being configured to detect a resulting oscillating signal at the second 
conductive element and therefrom to infer the touch. 

Preferably, the detection circuitry is adapted to detect a signal at the at least 
second conductive element for interpretation as a number of touching objects. 

Preferably, multiple resonance-based objects can be detected based on the 
interpretation of properties of the detected signal. 

Preferably, multiple conductive objects can be detected based on the 
interpretation of properties of the detected signal. 

Preferably, the oscillator is connected to oscillate at least one of the detector, 
part of the detector and the at least one conductive element with respect to a reference 
voltage level, thereby to permit a capacitive current flow between a conductive 
touching object and the at least one conductor. 

Preferably, the sensor is configured with a transparent medium between itself 
and an underlying display screen. 

Preferably, the transparent medium comprises an air gap. 

According to a second aspect of the present invention there is provided a 
detector for detecting touches by conductive objects making capacitive contact with a 
transparent sensor located over a display screen, the detector comprising: 

a patterned arrangement of sensing conductors extending into the sensor, 
a source of oscillating electrical energy at a predetermined frequency, and 
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detection circuitry for detecting a capacitive influence on the at least one 
sensing conductor when the oscillating electrical energy is applied. 

Preferably, the detection circuitry comprises a differential detector 
arrangement associated with the sensing conductors for detecting differences between 
outputs of the conductors. 

Preferably, the source of oscillating electrical energy is configured to transmit 
the energy into the conductive object, and the sensing circuitry is configured for 
sensing a signal at the at least one sensing conductive element induced by a touch of a 
conductive object subjected to the transmitted oscillated signal. 

The detector is preferably configured to interpret a property of a signal 
detected at the at least one conductor in terms of a number of touching conductive 
objects. 

Preferably, there is provided at least a second conductor located within the 
sensor and having a junction with the at least one conductor, wherein the source of 
oscillating electrical energy is applied to one of the conductors and the junction is 
configured such that a touch by a conductive object causes an a.c short at the junction, 
the detector being configured to detect the oscillating signal at the second conductor 
as the capacitive effect and to infer the touch. 

Preferably, the detection circuitry is configured to interpret a property of a 
detected signal as a number of touches of a corresponding conductor. 

The detector may comprise a matrix of first sensors aligned in a first direction 
and second sensors aligned in a second direction with a plurality of junctions in 
between. There may additionally be provided a tabulation of leakage capacitance 
values for each junction, the detector being configured to use the leakage capacitance 
values to correct readings at each conductor. 

Preferably, the source of oscillating electrical energy is connected to oscillate 
at least one of the detector, part of the detector and the at least one conductor with 
respect to a reference voltage level, thereby to permit a capacitive current flow 
between the conductive object and the at least one conductor. 

Preferably, the source of oscillating energy is connected to oscillate a first part 
of the detector, and wherein the first part is connected to a second part not subject to 
oscillations via a communication connection unaffected by the potential difference 
between the first and the second parts of the detector. 
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Preferably, the communication connection comprises at least one differential 
amplifier. 

Preferably, the sensor is configured with a transparent medium between itself 
and the display screen. 
5 Preferably, the transparent medium comprises an air gap. 

Preferably, the sensor comprises a grid of conductors arranged within a layer 

thereof. 

Preferably, the conductors are connected pairwise to amplifiers. 

Preferably, the amplifiers are differential amplifiers each having a positive 
10 input and a negative input and wherein one conductor of the pair is connected to the 
positive input and a second conductor of the pair is connected to the negative input. 

The detector may comprise a compensation table for providing a 
compensation value at each conductor to compensate for static noise. 

The detector may be configured to update the compensation table upon system 

15 startup. 

The detector may be configured to use an ambiguous object detection as a 
trigger to refresh the compensation table. 

Preferably, any combination of number, phase and position data from 
detected signals are used to define ambiguity in object detection. 

According to a third aspect of the present invention there is provided a method 
of touch sensing at a matrix of sensing conductors located in a transparent sensor over 
an electronic display screen, comprising: 

providing an oscillating signal at a predetermined frequency, and 

measuring the conductors for capacitive effects on the conductors due to touch 
thereon. 

The method may comprise providing the oscillating signal to an external 
transmitter to energize a touching body part. 

Preferably, the matrix comprises first conductors aligned in a first direction 
and second conductors aligned in a second direction, the method comprising 
providing the oscillating signal to the first conductors and sensing the oscillating 
signal at any of the second conductors to which the signal has been passed by a 
capacitive link caused by a touching conductive object. 
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The method may comprise providing the oscillating signal to at least the 
conductors such that a conductive touching body drains current from a respective 
conductor. 

The method may comprise using the oscillating signal to oscillate a detection 
mechanism comprising the conductors wherein the oscillated detection mechanism is 
simultaneously isolated from common ground. 

The method may comprise using the oscillating signal to oscillate a first part 
of a detection mechanism, the first part comprising the conductors, 

isolating the first part from a second part, and 

using the isolated second part to communicate touch detection outputs to 
external devices. 

According to a fourth aspect of the present invention there is provided a 
method of manufacture of a touch detector for an electronic display screen, 
comprising: 

providing an oscillation signal source, 

embedding a grid of transparent conductors within at least one transparent foil, 

placing the transparent foil over the electronic display screen, and 

providing detection circuitry for detecting capacitive effects on the conductors. 
The method may comprise applying an excitation unit about the electronic 

screen for exciting an electromagnetic stylus, so that location of the stylus is 

detectable at the grid of transparent conductors. 

According to a fifth aspect of the present invention there is provided a Touch 
detection apparatus comprising: 

a sensor comprising at least one sensing conductive element, 

an oscillator for providing an oscillation signal, 

a transmitter, associated with the oscillator, for transmitting the oscillation 
signal in the vicinity of the senspr, 

sensing circuitry for sensing a signal at the at least one sensing conductive 
element induced by a touch of a conductive object subjected to the transmitted 
oscillated signal. 

According to a sixth aspect of the present invention there is provided a touch 
detection apparatus comprising: 
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a sensor comprising a grid array of conductors in a first sense and conductors 

in a second sense and having junctions therebetween, 

an oscillator for providing an oscillation signal to conductors in the first sense, 
detection circuitry for detecting the oscillation signal when transferred via the 

junctions to conductors in the second sense, the transference being indicative of 

capacitive coupling induced by a touch of a conductive object touching the sensor at a 

respective junction. 

According to a seventh aspect of the present invention there is provided touch 

detection apparatus comprising: 

a sensor comprising at least one sensing conductive element, 

an oscillator for providing an oscillation signal, the oscillation signal being 

applied to at least part of the apparatus including the at least one sensing conductive 

element, and 

detection circuitry for detecting ax. grounding of the at least one sensing 
conductive element due to a capacitive connection to a conductive object touching the 
sensor. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. The materials, methods, and examples provided herein 
are illustrative only and not intended to be limiting. 

Implementation of the method and system of the present invention involves 
performing or completing certain selected tasks or steps manually, automatically, or a 
combination thereof. Moreover, according to actual instrumentation and equipment 
of preferred embodiments of the method and system of the present invention, several 
selected steps could be implemented by hardware or by software on any operating 
system of any firmware or a combination thereof. For example, as hardware, selected 
steps of the invention could be implemented as a chip or a circuit. As software, 
selected steps of the invention could be implemented as a plurality of software 
instructions being executed by a computer using any suitable operating system. In 
any case, selected steps of the method and system of the invention could be described 
as being performed by a data processor, such as a computing platform for executing a 
plurality of instructions. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with reference to 
the accompanying drawings. With specific reference now to the drawings in detail, it 
is stressed that the particulars shown are by way of example and for purposes of 
5 illustrative discussion of the preferred embodiments of the present invention only, and 
are presented in the cause of providing what is believed to be the most useful and 
readily understood description of the principles and conceptual aspects of the 
invention. In this regard, no attempt is made to show structural details of the 
invention in more detail than is necessary for a fundamental understanding of the 
10 invention, the description taken with the drawings making apparent to those skilled in 
the art how the several forms of the invention may be embodied in practice. 
In the drawings: 

FIG. 1A is a simplified block diagram showing a generalized embodiment of 
the present invention; 

15 FIG. IB is a simplified diagram illustrating an embodiment of the present 

invention in which oscillating energy is transmitted to a finger; 

FIG. 2 is a simplified diagram illustrating an embodiment of the present 
invention in which the touching finger provides a capacitive link between sensing 
conductors on a grid; 

20 FIG. 3 is a circuit diagram illustrating the electrical theory of the embodiment 

of FIG. 2; 

FIG. 4 is a simplified schematic diagram illustrating an embodiment of the 
present invention in which the detection device is floated using a signal that oscillates 
with respect to a reference signal and wherein a finger incident upon a conductor 
25 provides a capacitive path to ground; FIG. 5 is a circuit diagram illustrating one 
version of the embodiment of FIG. 4; 

FIG. 6 is a circuit diagram illustrating a variation of the embodiment of FIG. 

4; 

FIG. 7 is a circuit diagram illustrating another variation of the embodiment of 
30 FIG. 4, in which the conductors are oscillated directly; 

FIG. 8 is a circuit diagram illustrating a variation of the embodiment of FIG. 7 
in which the conductors are oscillated from their far ends; 
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FIG. 9 is a block diagram of a variation of the embodiment of FIG. 4 in which 
isolation is provided by a DC to DC converter; 

FIG. 1 OA is a block diagram illustrating another variation of the embodiment 
of FIG. 4 in which isolation by a DC to DC converter is provided between two parts 
of the detector; 

FIG. 1 OB is a block diagram illustrating a modification to the embodiment of 
FIG. 10A to permit communication between the two parts of the detector; 

FIG. 1 1 is a block diagram illustrating coil-based isolation of the detector 
according to an embodiment of the present invention; 

FIG. 12 is a block diagram illustrating a variation of the embodiment of FIG. 
1 1 in which the coil based isolation is used for a part of the detector; 

FIG. 13 is a block diagram illustrating floating of the detector by placing 
tandem oscillators on the positive and ground power supply rails; 

FIG. 14 is a simplified block diagram illustrating how the same excitation 
circuitry can be used for stylus and finger touch sensing according to a preferred 
embodiment of the present invention; 

FIG. 15 is a theoretical circuit diagram illustrating sources of steady state 
noise that affect touch measurements in the present embodiments; 

FIGs. 16A and 16B illustrate a grid of conductors and tabulation, both of 
magnitude and phase, of noise effects for the respective conductors; 

FIG. 17 is a block diagram of touch detection apparatus able to use the 
tabulation of FIG. 16B in order to correct touch readings; 

FIG. 18 is a simplified diagram illustrating signal patterns indicative of finger 
touches; 

FIG. 19 is a simplified flow chart illustrating touch measuring procedures 
according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present embodiments comprise a digitizer that allows finger clicks and 
movement detection on flat panel displays, in such a way that the same sensing 
infrastructure can be used for electromagnetic (EM) stylus detection. The digitizer is 
designed to work in conjunction with a patterned transparent conductive foil system, 
which allows for detecting the location of an electro magnetic stylus on top of an 
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electronic display surface. Some of the presently preferred embodiments use finger 
induced capacitance connecting the sensor lines as a method of finger detection. The 
present embodiments include inter alia a method of identifying the presence and 
location of the finger by measuring the differential signal between two different 
sensor antennas. In the preferred embodiments the currents are driven from one end of 
the antenna, and the information is then sensed and digitized using the detector as will 
be described in greater detail hereinbelow. 

Whilst the prior art teaches connection of a separate charge sensor or the like 
to each electrode, the present embodiments are able to utilize the differential signal 
generated between two electrodes. 

One of the methods disclosed hereinbelow involves measuring voltage 
differences due to the finger's adding a capacitive short circuit to the ground. 

The primary use of the preferred embodiments is to allow a natural and 
intuitive operation of an "on-screen-keyboard", in devices such as the tablet PC, 
separately, in addition and in parallel to the operation of an accurate electro magnetic 
stylus. 

In the following description there are presented three methods of 
implementing touch sensors using the same detector unit and sensor grid used for the 
detection of an EM stylus. The sensing methods disclosed may require adjustments 
for given circumstances and devices, as will be apparent to the person skilled in the 
art. However, all methods are designed to enable the simultaneous and independent 
detection of an EM stylus in a manner similar to that disclosed in US patent 
application 10/649,708 to the present assignee, filed 28 th August 2003, and claiming 
priority from US Provisional Patent Application No. 60/406,662. Detection of finger 
touch and EM stylus is independent and can be performed simultaneously or at 
different times. It is left to the discretion of the user whether to use the presently 
disclosed embodiments in order to implement a detector for one kind of interaction 
alone (i.e. finger touch or EM stylus) or to allow the detection of both kinds of 
interactions. 

In the preferred embodiments of the present invention, the same detector can 
detect and process signals from an Electro Magnetic Stylus whether it is placed in 
contact with, or at a short distance from, the surface of a flat panel display. For 
example detection may be carried out in the manner described in US Patent 
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Application No. 09/628,334 "Physical Object Location Apparatus and Method and a 
Platform using the same" assigned to N-trig Ltd, and US Patent Application No. 
09/628,334 "Transparent Digitizer" again assigned to N-trig Ltd). At the same time 
the detector can be used to detect a user's finger placed on the same display, as will be 
described hereinbelow. In other embodiments of the present invention the finger 
detection may function solely, or in combination with any other input device. 

The principles and operation of a digitizer according to the present invention 
may be better understood with reference to the drawings and accompanying 
description. 

Before explaining at least one embodiment of the invention in detail, it is to be 
understood that the invention is not limited in its application to the details of 
construction and the arrangement of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other 
embodiments or of being practiced or carried out in various ways. Also, it is to be 
understood that the phraseology and terminology employed herein is for the purpose 
of description and should not be regarded as limiting. 

Reference is now made to Fig. 1 A, which is a schematic diagram illustrating a 
generalized embodiment of the present invention. In Fig. 1 A a sensor 2 comprises at 
least one electrical conductor 4. In the typical case there is more than one conductor, 
and the conductors are set in an arrangement or pattern over the sensor, most often as 
a grid which extends over a surface such as an electronic screen for which touch 
sensing is required. A detector 6 picks up the output from the conductors. An 
oscillator 8 provides oscillations or a.c. energy to the system comprising the sensor 
and detector. In one embodiment, the system is not initially a.c. coupled. However a 
conductive object, including body parts such as fingers are capacitive and therefore 
touch by a finger or the like completes the a.c. coupling within the system and allows 
the touch to be sensed. Alternatively a touch by the finger may provide an a.c. short 
circuit to ground for a given conductor, again allowing the touch to be sensed. 

A preferred embodiment detects touch as described above and additionally 
allows the location and identification of physical objects, such as styluses. The 
location of the physical objects is sensed by an electro magnetic transparent digitizer, 
preferably constructed on top of a display, and it is a feature of some of the preferred 
embodiments that the electromagnetic transparent digitizer makes use of the same 
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components as the touch digitizer described herein, so that the two types of detection 
can be incorporated into a single digitizer, as will be explained hereinbelow. The 
construction of a suitable electromagnetic transparent digitizer is described in US 
Patent Application No. 09/628,334. This application describes a sensing device that is 
capable of detecting multiple physical objects located on top of a flat screen display. 

The various components and functionality manner of the transparent digitizer 
are as follows. 
1. 

i. Sensor 

As described in the above referred to applications and used in the presently 
preferred embodiments, the sensor comprises two transparent foils, one containing a 
set of vertical conductors and the other a set of horizontal conductors. The grid of 
conductive lines is made of conductive materials patterned on the trasnsparent foils, 
which may for example be PET foils. 

Further information regarding the construction of the sensor is available from 
US provisional patent application 60/406,662 (sub-chapter 4.2 entitled: "Sensor") and 
corresponding US Patent Application No. 10/649,708 filed August 28, 2003, both 
assigned to N-Trig. Ltd. the contents of both of which are hereby incorporated by 
reference. 

iL Front end Unit 

As described in the above referred to applications and used in the presently 
preferred embodiments, the detectors include front end units, which are the first stage 
where sensor signals are processed. 

Front end units function as follows: 

Differential amplifiers amplify the signals and forward the result to a switch. 
The switch selects the forwarded inputs that appear to need further processing. In 
other words the switch filters out those inputs where no activity appears to be 
occurring. The selected signals are amplified and filtered by a Filter & Amplifier 
arrangement prior to sampling. The output of the filter and amplifier arrangement is 
then sampled by an A to D converter and sent to a digital unit via a serial buffer. 

For further information see US provisional patent application 60/406,662 
(sub-chapter 4.3 entitled: "Front end") and corresponding US Patent Application No. 
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10/649,708 filed August 28, 2003, both assigned to N-Trig. Ltd. the contents of both 
of which are hereby incorporated by reference. 

iii. Digital Unit 

As described in the above referred to applications and used in the presently 
preferred embodiments, there is provided a digital unit or microprocessor, which 
functions as follows: 

A front-end interface receives serial inputs of sampled signals from the 
various front-end units and packs them into parallel representation. 

A digital signal processor (DSP) core, which performs the digital unit 
processing, reads the sampled data, processes it and determines the position of the 
physical objects, such as stylus or finger. 

A calculated position is sent to the host computer via link. 

For further information see US provisional patent application 60/406,662 
(sub-chapter 4.4 entitled: "Digital unit") and corresponding US Patent Application 
No. 10/649,708 filed August 28, 2003, both assigned to N-Trig. Ltd. the contents of 
both of which are hereby incorporated by reference. The above-mentioned 
applications discuss signal processing and position determination for signals 
emanating from an electromagnetic EM stylus, but do not provide any disclosure 
regarding finger detection. As will be explained below, in the present embodiments, 
finger touch may be detected using compatible signals on the same detection 
conductors which are processed in substantially the same way. It makes no 
substantial difference to the DSP core or to the intervening electronics whether the 
signals originate from a finger or from a stylus. 

iv. Detector 

A detector consists of the digital unit and the Front end units, as described 

above. 

2. Stylus Detection 

As described in the above referred to applications and used in the presently 
preferred embodiments, simultaneous and separate inputs, either from a stylus or from 
a finger, can be detected. 



16 

The preferred embodiment of the present invention utilizes a passive EM 
stylus that includes a resonance circuit. An external excitation coil that surrounds the 
sensor excites the resonance circuit within the stylus. The resonance circuit emits 
radiation which can be detected by the conductors. The exact position and unique 
identity of the stylus can then be determined by the detector as a result of processing 
the signals sensed by the sensor. 

For further information see US provisional patent application 60/406,662 
(sub-chapter 4.5 entitled: "Stylus") and corresponding US Patent Application No. 
10/649,708 filed August 28, 2003, both assigned to N-Trig. Ltd. the contents of both 
of which are hereby incorporated by reference. 

Algorithms 

In the preferred embodiments of the present invention the basic detection 
operation cycle consists of averaging, decay compensation, windowing, FFT/DFT, 
peak detection, interpolation, error compensation, filtering and smoothing. The cycle 
is substantially the same whether a finger touch or a stylus is being detected with the 
notable exception that, as disclosed hereinbelow, the sources of noise and thus the 
types of appropriate error compensation differ. 

For further information see US provisional patent application 60/406,662 
(sub-chapter 4.6 entitled: "Algorithms") and corresponding US Patent Application 
No. 10/649,708 filed August 28, 2003, both assigned to N-Trig. Ltd. the contents of 
both of which are hereby incorporated by reference. 

3. Finger Detection 
i. First embodiment 

This method utilizes an electromagnetic wave transmitted from either an 
external source or by the sensor components and received by the user body. When the 
user's finger touches the sensor the EM energy transfers from the user to the sensor. 
The detector processes the signal and determines the finger's position. 

Reference is now made to Fig. IB, which is a general description of a first 
finger detection apparatus according to the present invention. An external source 10 
transmits electro-magnetic wave energy, which is absorbed by the user's body. If the 
user now touches the sensor 12 a capacitance is formed between the finger 14 and the 
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sensor conductors. The received signal is at a frequency that allows it to pass through 
the capacitance at the level typically formed, and thus the received signal passes from 
the user's finger 14 to the sensor 12. Detector 16, which processes the sensed signals, 
determines the position of the user's finger. 

In a preferred embodiment, the external energy source is produced internally 
by the system using a dedicated transmitter. In other embodiments, the energy source 
could be a side effect of other parts of the system, such as transmission of a 
DC-to-DC converter, or even be background noise entirely unrelated to the system, 
such as electronic network noise. 

In a preferred embodiment, the same sensor conductors that are used for 
sensing the EM stylus also sense the signal transmitted by the user's finger. 
Furthermore, the analog processing of the signals and the sampling of the signals is 
similar to that of the EM stylus and is performed by the same hardware, as explained 
elsewhere herein. In other embodiments, it may be more convenient to use different 
conductors for sensing the fingers and the stylus respectively, and thus additional 
electronics is added, alongside the stylus sensing arrangement, for processing and 
sampling the finger signals. 

In a preferred embodiment both EM stylus signals and user finger signals are 
received and processed simultaneously so that both types of input can be detected at 
the same time. This is possible because, as explained elsewhere herein, the types of 
input signals from the sensors are essentially the same. In other embodiments, the 
system can alternate between detection of fingers and stylus. 

The sensor requires a reference voltage level and a convenient reference is 
ground. In one embodiment of the present invention however, the sensor reference is 
dissociated with the electric network ground. The reason is that, whilst ground is used, 
the electric potential of the user body is close to the potential of the sensor reference 
and the signal that is sensed as a result is low. As the reference is moved away from 
ground the signal to be sensed is increased. 

In other embodiments, especially if a dedicated transmitter is used, the sensor 
reference can nevertheless be connected to the ground of the electric network. That is 
to say, the system as a whole can be operated whether it is connected to the ground or 
not. However, when the system is connected to ground, it is preferable to use a 
dedicated transmitter. This is because, if a dedicated transmitter is not used on a 
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grounded system then the signal resulting from a finger touch is weaker and therefore 
harder to detect. 

The finger touch position is determined by processing the relative magnitude 
(and phase) of the signals that are detected on both axes, as will be explained in 
greater detail below. Accurate positioning is calculated by interpolation-type 
processing of the signals sensed by other conductors close to the point of finger touch. 

In a preferred embodiment, the signals are transformed from the time domain 
to the frequency domain. If the energy received by the user's body is concentrated at a 
specific frequency, processing is carried out on that specific frequency, and other 
frequencies are simply ignored. Otherwise, processing may be performed on a group 
of frequencies. 

In a preferred embodiment, different conductors are sampled at different time 
slots. It is assumed that the size of the time slots is chosen to be sufficiently small 
that the characteristics of the signal do not change over a few time slots. However, 
should the signal nevertheless change between successive measurements, such as 
when the finger receives random noise, then, in this embodiment, the measurement 
procedure changes and all conductive lines are sampled at the same time. 

In a preferred embodiment, the energy transmission source is external to the 
sensor. In other embodiments, the energy is transmitted by one of the sensor 
components, for example the sensor excitation coil, the sensor matrix or any other 
conductor that is added to the sensor in order to specifically transmit the energy. In 
one embodiment it is possible to transmit the energy by alternating between a first 
transmitter that is orthogonal to one set of sensing conductors and a second 
transmitter that is orthogonal to the other set of conductors. Regarding the concept of 
a transmitter being orthogonal to a conductor, when transmitting from an antenna that 
is orthogonal to one conductor axis and parallel to the other conductor axis - signals 
received on the conductors that are in parallel are very strong, hence a signal induced 
by a finger is undetected. However, the conductors orthogonal to the transmitting 
antenna are hardly disturbed by it. Hence, a signal induced by a finger is detectable on 
the conductors that are orthogonal to the transmitting antenna. Now in all the 
preferred embodiments, electromagnetic (EM) stylus excitation is performed prior to 
sampling, whereas finger detection energy is transmitted during sampling. 
Consequently it is possible to produce both stylus excitation and finger excitation, that 
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is to say transmission, signals using the same hardware, typically a signal generator. 
The two signals are simply transmitted by the same physical antennas at different time 
slots. Furthermore the stylus sampling procedure includes an excitation period and a 
separate sampling period which is subsequent to the excitation period. Thus, whilst 
the stylus is being sampled the antenna can already start to generate the signal for 
finger detection. Hence both objects can be sensed in the finger excitation phase. 
Alternatively, a stylus excitation signal generator may be provided as a separate unit 
from the finger detection signal generator. 

In a preferred application the detector is capable of detecting multiple finger 
touches simultaneously. As long as different conductors sense different fingers the 
detection of multiple fingers is similar to detection of a single finger. However, if 
more than one finger is sensed by the same antenna than a higher signal magnitude is 
sampled on the respective antenna. The detector is simply required to process the 
magnitudes of the signals to distinguish the multiple finger touches. 

Drawbacks to the first embodiment are: 

• A dramatically reduced signal provided by the finger when the 
power supply of the system is grounded. This disadvantage makes a digitizer based 
thereon suitable mainly for devices powered by battery or those powered by a source 
highly isolated from the ground. 

• The need to transmit and therefore potentially interfere with other 
equipment. 

• Dependency on the distance from the user to the transmitter; meaning 
the further away the user is from the transmitter the lower is the signal. The resulting 
variation can lead to reliability problems. 

ii. Second Embodiment 

The second embodiment does not require transmitting an EM signal to the 
user's body. Rather, even without the influence of an EM signal, the user's finger 
adds a capacitance that connects two orthogonal sensor lines. 

Reference is now made to Fig. 2, which is a general description of the second 
finger detection embodiment of the present invention. A two-dimensional sensor 
matrix 20 lies in a transparent layer over an electronic display device. An electric 
signal 22 is applied to a first conductor line 24 in the two-dimensional sensor matrix 
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20. At each junction between two conductors a certain minimal amount of capacitance 
exists. A finger 26 touches the sensor 20 at a certain position and increases the 
capacitance between the first conductor line 24 and the orthogonal conductor line 28 
which happens to be at or closest to the touch position. As the signal is AC, the signal 
crosses by virtue of the capacitance of the finger 26 from the first conductor line 24 to 
the orthogonal conductor 28, and an output signal 30 may be detected. 

It will be appreciated that depending on the size of the finger and the fineness 
of the mesh of conductors, any number of the orthogonal conductors will receive 
some capacitive signal transfer, and interpolation of the signal between the conductors 
can be used to increase measurement accuracy. 

It will also be appreciated that a capacitive coupling of this nature typically 
introduces a phase shift in the signals. The significance of the phase shift will be 
discussed in greater detail below. 

Reference is now made to Fig. 3, which is the theoretical electric equivalent of 
Fig. 2. Parts that are the same as in previous figures are given the same reference 
numerals and are not referred to again except as necessary for understanding the 
present embodiment. The transmitted signal 22 is applied to the Horizontal conductor 
24. The finger 26 that touches the sensor creates two capacitors, CI 40 and C2 42 that 
transfer the signal from the horizontal line to the finger and from the finger to the 
vertical conductor 28. An output signal 30 is detected on the edge of the vertical 
conductor in the case of finger touch. 

In a preferred embodiment, the two-dimensional matrix of conductors used for 
sensing the stylus is the same one used for sensing the fingers. Each conductive line is 
used for reception of both stylus signals and finger signals. Each one of the lines can 
serve either for reception or for injection of signals. The detector controls the 
switching of the sensor conductors between reception and transmission modes. 

Each horizontal conductor overlaps with each vertical conductor, and the 
regions of overlap between horizontal and vertical conductors also result in a certain 
amount of parasitic capacitance. Furthermore the individual junctions may give rise 
to different levels of capacitance. The capacitance causes a small amount of signal 
transfer between the conductors even if no finger is present. In a preferred 
embodiment, the detector actually learns the amount of parasitic current transfer for 
each individual junction and subtracts this value from the sampled signals. 
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The goal of the finger detection algorithm, in this method, is to recognize all 
of the sensor matrix junctions that transfer signals due to external finger touch. It 
should be noted that this algorithm is preferably able to detect more than one finger 
touch at the same time. 

A number of procedures for detection are possible. The most simple and 
direct approach is to provide a signal to each one of the matrix lines in one of the 
matrix axes, one line at a time, and to read the signal in turn at each one of the matrix 
lines on the orthogonal axis. The signal, in such a case, can be a simple cosine pattern 
at any frequency within the range of the sampling hardware and detection algorithms. 
If a significant output signal is detected, it means that there is a finger touching a 
junction. The junction that is being touched is the one connecting the conductor that is 
currently being energized with an input signal and the conductor at which the output 
signal is detected. The disadvantage of such a direct detection method is that it 
requires an order of n*m steps, where n stands for the number of vertical lines and m 
for the number of horizontal lines. In fact, because it is typically necessary to repeat 
the procedure for the second axis so the number of steps is more typically 2*n*m 
steps. However, this method enables the detection of multiple finger touches. When 
an output signal is detected on more then one conductor that means more than one 
finger touch is present. The junctions that are being touched are the ones connecting 
the conductor that is currently being energized and the conductors which exhibit an 
output signal. 

A faster approach is to apply the signal to a group of conductors on one axis. 
A group can comprise any subset including all of the conductors in that axis, and look 
for a signal at each one of the conductors on the other axis. Subsequently, an input 
signal is applied to a group of lines on the second axis, and outputs are sought at each 
one of the conductors on the first axis. The method requires a maximum of n+m steps, 
and in the case in which the groups are the entire axis then the number of steps is two. 
However, this method may lead to ambiguity on those rare occasions when multiple 
touches occur simultaneously at specific combinations of locations, and the larger the 
groups the greater is the scope for ambiguity. 

An optimal approach is to combine the above methods, starting with the faster 
method and switching to the direct approach upon detection of a possible ambiguity. 
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iii. Third Embodiment 

The third embodiment uses a potential difference between the user's finger 
and the system to determine the finger position. 

Reference is now made to Fig. 4, which is a simplified schematic diagram 
5 illustrating the third preferred embodiment of the finger detection of the present 

invention. A detector 60 is connected to ground 62. The detector is connected to an 
oscillator 64 that provides an alternating signal which can cause the detector potential 
to oscillate with respect to ground potential. The oscillating potential is applied to 
sensor 66. 

10 In operation the detector 62 oscillates in reference to the common ground 

potential. As a user's finger 68 touches the sensor 66, a capacitance is formed 
between the finger and the sensor conductors. Now the user's body potential does not 
oscillate in reference to earth while the sensor's potential does oscillate in reference to 
the common ground potential. Thus an alternating difference in potential between the 

15 sensor and the user is formed. An alternating current therefore passes from the sensor 
through the finger to the ground. The current is interpreted as a signal that passes from 
the user's finger 68 to the sensor 66. The detector 62 processes the sensed current and 
determines the location of the user's finger according to the magnitude, that is the 
signal level, on certain sensor conductors. More particularly, since there is a potential 

20 difference between the sensor and the finger, which we denote V, and the finger touch 
itself induces a capacitance C, there is a charge transfer between the finger and 
conductor of magnitude Q=C*V. The charge transfer may be inferred from the current 
on the conductive line. 

The common ground may be the electric network ground, but the method 

25 works also when the system is not actually connected to earth but rather to a common 
ground of several systems, such as that of a flat panel display, tablet PC, etc. These 
systems have sufficient capacity to allow the detector to oscillate in reference to the 
common ground. 

It should be noted that in some embodiments the system constantly oscillates 
30 in reference to the common ground but in a preferred embodiment it only oscillates 
over a portion of the time, namely only when signals are actually being received and 
processed by the detector. In other words, if there are no incoming signals to be 
digitized, then the system saves energy by not operating the oscillator. 
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Reference is now made to FIG. 5, which is a circuit diagram of an 
implementation of the embodiment of the present invention described in figure 4. 
Parts that are the same as in Fig. 4 are given the same reference numerals and are 
referred to only as necessary for understanding the theory of the operation of the 
embodiment. In Fig. 5, oscillator 64 is connected between ground 62 and detector 60. 
The oscillator 64 oscillates the detector 60 and the detector front end, which includes 
two sensor conductors 70 and 72. The two conductors are connected to the two 
differential inputs respectively of differential amplifier 74. As explained above, all 
oscillations are in reference to the common ground 62. The touch by the user's finger 
of a sensor conductor, say 70 creates capacitance 76. As there is a potential between 
conductor 70 and the user, current passes from conductor 70 through the finger to 
ground. Impedance 78 indicates the impedance of the finger. Consequently a 
potential difference is created between conductors 70 and 72. Preferably, the 
separation between the two conductors 70 and 72 which are connected to the same 
differential amplifier 74 is greater than the width of a finger so that the necessary 
potential difference can be formed. The differential amplifier 74 amplifies the 
potential difference, and the detector 60 processes the amplified signal and thereby 
determines the location of the user's finger. It should be noted that in alternative 
embodiments the sensor may be connected to a standard amplifier rather than to a 
differential amplifier. 

It is noted that were the oscillator not used and a d.c. current produced, no 
measurable potential difference would be produced by the touch of the finger since 
the touch of the finger induces a capacitance, and thus has no effect on d.c. current. 

In one embodiment of the present invention, as described above, the entire 
detector is oscillated in reference to the common ground. A disadvantage of this 
option is that any communication between the detector and the outside word, such as 
serial communication to the host computer, must be adapted to compensate for the 
potential difference between the detector and the outside world and cannot use a 
common ground. There are numerous ways of communicating between components 
that have to be isolated from each other, and one example for a way to provide 
isolated communication is by using an optical link. The optical link transforms the 
electrical signal into light and than back into an electrical signal, and the level of 
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isolation is very high. However the need for isolation can also be overcome by 
applying the oscillation to only a portion of the detector. 

Reference is now made to Fig. 6, which is a theoretical circuit diagram 
illustrating a detector to which oscillation is only partly provided. Parts that are the 
same as in previous figures are given the same reference numerals and are not referred 
to again except as necessary for understanding the present embodiment. Detector 80 
is the same as detector 60 except that it is divided into two units: 82 and 84. Oscillator 
86 is located between the two units 82 and 84 within the detector 80. 

The oscillation states of the components of the detector are as follows: 

1) Unit 82 of detector 80 does not oscillate in reference to the common 
ground 62. 

2) Unit 84 of the detector oscillates in reference to the common ground. 
Unit 84 includes the front end of the detector. It may also include any other 
components of the detector. 

Sensor device 88 also oscillates in reference to the common ground, by virtue 
of its being connected to the detector front end, which is part of unit 84. In the 
present figure, the sensor device refers to the transparent film carrying the matrix of 
sensors. 

Using the embodiment of Fig. 6, which entails dividing the detector into two 
units, is an option available to the skilled person to be selected in any given 
circumstances with regard to efficiency, convenience and costs. 

When a user's finger touches the sensor conductors within sensor device 88, a 
capacitance 76 is created, as described above. The sensor detects signals induced by 
the user's finger on the different sensor conductors. The detector 80, which includes 
detector units 82 and 84, processes the sensed signal and determines the location of 
the user's finger. 

In the present embodiment, the steady portion 82 of the detector 80 conducts 
communication to the external world without the need for any kind of isolation. 

An additional advantage of the present embodiment is that using oscillations 
increases power consumption. Partial application of oscillation therefore leads to 
lower overall power consumption within the system. 

A requirement of the present embodiment is to provide communication 
between the two units of the detector since, as explained above, one oscillates in 
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reference to the other. The problem can be solved in a number of ways, for example 
using the following alternatives: 

1. Using differential signals, so that data is output on two parallel 
lines, one a signal and one a reference. Both the signal and its reference oscillate but 
the data is in fact carried in the difference between the two. The embodiment is 
described in greater detail hereinbelow with reference to Fig. 10b, under the heading 
'floating the system'. 

2. Using electrically isolated communication within the detector, 
such as opto-isolators 

3. Limiting the communication to time slots in which the front-end 
section does not oscillate in reference to the other part of the system, or is at a stage in 
the oscillation when the two are in equilibrium. 

Reference is now made to Fig. 7, which is a simplified circuit theory diagram 
illustrating a preferred embodiment of the present invention. In the embodiment of 
Fig. 7, oscillations are applied to the sensor, specifically to the conductors in the 
sensor, and not to the detector. 

In Fig. 7, an oscillator 90 provides an oscillating signal with reference to 
ground 92. The oscillating signal is provided as a reference signal Vref to the sensor, 
and specifically to individual conductors in the sensor, which is to say that Vref 94 is 
provided to each conductor individually. 

In the figure, two sensor lines 96 and 98 are shown connected to the 
differential inputs of a single differential amplifier 100. Capacitors 102 and 104 are 
connected between the respective sensor line and the corresponding differential input. 
Finger 106 is then applied to one of the conductors. 

In the embodiment of Fig. 7, the reference signal Vref 94 is applied to each 
conductor at the output end, that is at the connections to the differential amplifier 100, 
and more specifically on the amplifier side of the isolation capacitors 102, 104. Thus 
excitation and sampling are performed at the same end of the conductor, which is the 
input to the differential amplifier. 

In use an oscillation is applied to the sensor conductors by oscillating the 
reference voltage Vref 94 supplied to the sensor. 

The oscillator 90 oscillates Vref 94 with respect to common ground 92. 
Conductors 96 and 98 therefore also oscillate with regard to the network ground. 
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Capacitors 102 and 104 filter irrelevant low frequencies from conductors 96 and 98 
respectively. As long as the user does not touch the sensor the signals received by 
both inputs of the differential amplifier are similar and therefore no output is 
generated. When the user's finger 106 touches conductor 98, a capacitance is created 
between the user's finger 106 and conductor 98 just as before. Both the amplitude and 
phase of the signal propagating through the touched conductor is altered due to the 
added capacitance. The potential difference between conductor 98 and conductor 96 is 
amplified by the differential amplifier 100 and then processed by the detector in order 
to determine the location of the user's finger. 

Reference is now made to Fig. 8, which is a simplified diagram illustrating a 
variation of the embodiment of Fig. 7. Parts that are the same as in Fig. 7 are given 
the same reference numerals and are not referred to again except as necessary for 
understanding the present embodiment. The embodiment of Fig. 8 differs from Fig. 7 
in that two reference signals are used, an oscillation reference signal Va is applied to 
the conductors on the ends extending into the sensor opposite to where detection is 
carried out, that is away from the inputs to the differential amplifier. A DC reference 
signal is applied to the output side of the conductors and is used to create a high 
reference level for the conductive lines. Other embodiments may not include a 
separate DC reference signal Vref, and rely on Va alone. Vref as used in the present 
embodiment, creates a high reference level for the conductors. That is to say, since 
the input resistance to the amplifier is very high the conductors are susceptive to noise 
from the environment. Connecting the conductors to a higher reference level 
eliminates, or at least reduces, their tendency to pick up noise. In the embodiment of 
Fig. 7, the Vref signal is used both for oscillating the conductive lines and setting the 
DC level. In the embodiment of Fig. 8 it is both clarified that the oscillations can be 
applied opposite to the detecting end of the conductor and that the oscillation and DC 
reference signals can be separated. It is further noted that it is possible to apply Va - 
without use of a separate Vref signal. 

In use, an oscillation is applied to the sensor conductors by oscillating the 
reference voltage Va 1 10 supplied to the sensor. 

The oscillator 90 oscillates Va 110 with respect to common ground 92. 
Conductors 96 and 98 therefore also oscillate with regard to the network ground. 
Capacitors 102 and 104 filter irrelevant low frequencies from conductors 96 and 98 
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respectively. As long as the user does not touch the sensor the signals received by 
both inputs of the differential amplifier are similar and therefore no output is 
generated. When the user's finger 106 touches conductor 98, a capacitance is created 
between the user's finger 106 and conductor 98 just as before. Both the amplitude and 
5 phase of the signal propagating through the touched conductor are altered due to the 
added capacitance. The potential difference between conductor 98 and conductor 96 is 
amplified by the differential amplifier 100 and then processed by the detector in order 
to determine the location of the user's finger. 

10 Floating the system 

In order to enable oscillations of the system or part thereof, in reference to the 
common ground, the system or part thereof preferably has a certain level of isolation 
from the ground. The better the level of isolation, the lower is the power lost due to 
the oscillations. 

15 Reference is now made to Fig. 9, which is a simplified diagram illustrating an 

arrangement for floating the detection system of the present embodiments using an 
isolated DC-DC converter. In Fig. 9, Detector 120 is connected to ground 122 via 
isolated DC-DC converter 124. Oscillator 126 provides a reference voltage to 
isolated detector 120 so that it oscillates. 

20 The DC-to-DC floating method may be modified so that only a portion of the 

detector oscillates in reference to the ground. Two such modifications are illustrated 
in Figs 10A and 10B respectively. Referring first to Fig. 10a, the detector 130 
comprises two units 132 and 134. Due to the isolated DC-to-DC component 136 the 
detector component 134 floats in reference to the ground and the oscillator 138 

25 oscillates detector unit 134 in reference to the common ground 140. 

A communication problem between the two detector units 132 and 134 arises, 
since one of the detector units 134 oscillates whereas the other detector unit 136 does 
not. 

Reference is now made to Figure 10b, which illustrates a possible solution to 
30 overcome the above-described communication problem. Parts that are the same as in 
Fig. 10A are given the same reference numerals and are not referred to again except 
as necessary for an understanding the present embodiment. Detector unit 1 34 floats in 
reference to the ground and oscillates, due to oscillator 136. The output signals of 
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detector unit 134 oscillate in relatively the same phase as oscillator 136. Output signal 
142 from detection unit 134 and the oscillator output 144 are inserted to a differential 
amplifier 146. The potential difference between signals 142 and 144 is amplified by 
the differential amplifier 146. The output signal of differential amplifier 146 is a 
5 steady signal representation of signal 142. Thus, detecting units 132 and 134 can 
communicate through differential amplifier 146, which serves as a communication 
device or channel. 

Reference is now made to Fig. 11, which is an embodiment utilizing coils for 
isolating the system. Generally, coils have low impedance for low frequencies and 

10 high impedance for high frequencies. A power supply is provided to the isolated 
portion using low frequencies, such as close to DC, but the coils manage to isolate 
higher frequencies such as those used for oscillating the detector. In Fig. 1 1 , detector 
150 is isolated from its power supply, and common ground 152, using two coils 154 
and 156. Oscillator 158 oscillates detector 150 in reference to the common ground. 

15 Reference is now made to Fig. 12, in which the floating coil method is 

implemented such that only a part of the detector oscillates in reference to the 
common ground. Detector 160 is divided into two units: 162 and 164. Unit 162 is 
isolated from its power supply and common ground 166 using two coils 168 and 170 
and the oscillator 172 oscillates unit 162 in reference to the common ground. 

20 Reference is now made to Fig. 13 which illustrates an additional method for 

applying oscillations to the system or part thereof, in reference to the common 
ground. In the embodiment of Fig. 13, a detector 180 is connected to a first oscillator 
182 and a second oscillator 184. The first oscillator is connected to the + power 
supply line and the second oscillator to the earth line. In use, the detector unit, to 

25 which oscillations are applied, is not isolated and neither is it left floating. Rather the 
second oscillator 184 oscillates at the low potential of the system (VSS) in reference 
to the common ground 186 and the first oscillator 182 oscillates at the high potential 
of the system (VCC) in reference to the power supply DC level. As long as the two 
oscillators are synchronized, both in phase and magnitude, the detector, or a portion of 

30 the detector, oscillates in reference to the common ground. 



The Oscillator 
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As explained hereinabove, the various preferred embodiments of the present 
invention utilize an oscillator to provide a transmission signal, or oscillate the 
detector, a part of the detector or some or all of the sensor's conductors. The 
following section explains several options for the implementation of such an 
oscillator. 

One preferred embodiment utilizes a stand-alone oscillator. Such a stand-alone 
oscillator is capable of oscillating either at a single frequency, or at a varying 
frequency, which, in the latter case, is determined by a DSP component of a digital 
unit associated with the digitizer system. 

An additional embodiment utilizes the DSP itself for creating the oscillations. 
One advantage of this option is that the phase of the oscillations can be easily 
synchronized for sampling. In this case DSP digital values are provided to a D2A 
(Digital to Analog) component, or any equivalent arrangement, and then the analog 
values are filtered and amplified as required. An additional version of such an 
implementation may utilize for the production of oscillations the same components 
that are being used for the excitation of the stylus. For further details on the 
excitation of the stylus see Fig. 9 in US provisional patent application 60/406,662, and 
the corresponding description, entitled "Stylus. The figure and corresponding 
description are hereby incorporated herein by reference. 

The same components can be used for both stylus excitation and finger 
sampling for the following reasons: 

• The finger is detected only during dedicated sampling periods, and 

• No excitation is performed during the dedicated sampling periods. 
Reference is now made to Fig. 14, which is a simplified diagram that 

demonstrates the above-described use of the stylus excitation components in order to 
implement the oscillator. DSP 190 produces a digital signal. D/A converter 192 
converts the signal to an analog representation. Amplifier 194, connected downstream 
of the D/A converter, amplifies the analog signal and a switch 196 sends the signal 
either to an exaction coil 98 for exciting the stylus, or to an oscillation output 200 for 
providing an oscillation signal as required for the respective embodiment. It should 
be noted that the switch can be located prior to the amplifier if different levels of 
amplification / output impedance are required for the two tasks. 
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The irrelevant "steady noises" problem, and its solution 
The display panel irrelevant "steady noises" problem 

Reference is now made to Fig. 15, which is a simplified diagram which 
5 demonstrates what may be referred to as the display panel signal problem. Two 
sensor conductors 210 and 212 oscillate in reference to ground 214 by virtue of any of 
the above embodiments. As mentioned above, the sensor is located over an electronic 
display. Capacitances 216 and 218 are created between conductors 210 and 212 and 
the display panel 220. As the display panel, represented electrically by resistances 
10 220, does not oscillate in reference to the common ground 214 two signals, (Sa) and 
(Sb), which may be regarded as oscillating leakage currents, are provided on 
conductors 210 and 212 respectively. 

As long as the oscillation phase and magnitude do not change (Sa) and (Sb) 
remain identical over time. Sa and Sb are thus referred to herein as steady noises. It is 
15 noted that the parasitic capacitance between the sensor and the display can also 
change due to environmental conditions etc. This may affect the signal as well. 

In an ideal environment, (Sa)=(Sb), and therefore no signal differentiation is 
amplified, by differential amplifier 222 which is connected between the two sensors 
210 and 212, unless a user's finger touches a conductor. However, in practice, there 
20 are slight differences in distance, overlapping area, screen structure, intermediate 
material, temperature, etc. (Sa) ^(Sb), and therefore, a "steady noise": (Sa)-(Sb) is 
produced. The steady noise is amplified by the differential amplifier 222. Such 
"steady noises" based on (Sa) and (Sb) exist on any two sensor conductors connected 
by a differential amplifier, and thus it may be said that similar differentials to 
25 (Sa)-(Sb) are being amplified by any of the differential amplifiers connecting sensor 
conductors in the system. The result is various amplified steady noises that, although 
steady over time, are detected by the detector. The presence of these steady noises 
reduces the level of accuracy possible in detecting the user's finger's location. 

30 The mapping solution 

Reference is now made to Fig. 16, which has an upper part 16A which shows 
the display panel as a grid 230 of sensor lines 232, each pair of sensor lines being 
connected to a differential amplifier 234. In one preferred embodiment of the present 
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invention, the solution to the problem described above comprises mapping the various 
panel display amplified signal differentiations. As demonstrated in Fig. 16B, a value 
of steady noise is determined and mapped for each pair of sensor conductors. Such 
mapping is preferably achieved as follows: 

(Sa) is the "steady noise" created on the sensor conductor connected to the 
positive side of the amplifier by the flat panel display. (Sb) is the "steady noise" 
created on a second conductor connected to the negative side of the amplifier by the 
flat panel display. A diff amplifier connects these two conductors. The differentiation 
between (Sa) and (Sb) is amplified by the diff amplifier. 

1 . The amplified signal is converted by A/D to a digital representation 

2. The DSP performs FFT/DFT on the digital signal 

3. Actions 1-3 are repeated for a predetermined number of times (for 
example 20 times). Averaging is then performed. Averaging minimizes variable 
noises that may provide temporary distortions of the measurement. The average value 
is then stored in the differential map. 

4. Actions 1-4 are performed for each pair of conductors connected by a 
diff amplifier. 

The result is a map, referred to herein as a differential map, and represented by 
Fig. 16B which includes both the magnitude and the phase of the differential signals 
recorded for each sensor pair. Each recorded magnitude phase pair represents the 
display panel "steady noise" of each pair of sensor conductors connected by a 
differential amplifier. The magnitude and phase are for a specific oscillation 
frequency. 

In a preferred embodiment, the system uses a single frequency for detection of 
fingers. However, in additional embodiments, more than one frequency could be used 
and the system may switch between the frequencies or even oscillate at more than one 
frequency simultaneously. If more than one frequency is being used, than more than 
one map is created. Preferably one map is created for each frequency. 

Once the differential map is stored in memory, it can be used to compensate 
for the display panel signal steady noise phenomenon. Reference is now made to Fig. 
17 which is a simplified schematic diagram illustrating a two-conductor sensor 
arrangement exhibiting the steady noise phenomenon. The display panel creates 
"steady noises" (Sa) and (Sb) on sensor conductors 240 and 242 respectively. The 
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user's finger creates an (Sf) signal, which is the signal it is desired to measure. The 
overall differential, as determined by differential amplifier 244, between the sums of 
signals on both sensor conductors is: {(Sa)+(Sf)}-(Sb)} The overall differential is 
amplified by the diff amplifier 244 and sampled by the detector 246. The DSP 
component 248 reads the differentiation {(Sa)-(Sb)} stored within the differential map 
250. The DSP 250 subtracts the differential from the sampled signal. As 
{(Sa)+(Sf)}-(Sb)}-{(Sa-Sb)}=(Sf) the DSP is able to isolate and identify the finger 
signal, and identify the finger's location. 

Such a mapping process is used in the preferred embodiment of the present 
invention in order to solve the problem of steady noises injected by the panel display. 
The same method can be used in the same and other embodiments of the present 
invention in order to solve any type of steady noise problem. Examples of potential 
sources for steady noise include: differences in input impedance, differences in input 
capacitance, insufficient common mode rejection, etc. 

Detection of signaling objects through the mapping process problem and 
its solutions 

The mapping process creates the following problem: 

An object, usually a finger, a hand or combination of fingers and hands, placed 
on the display panel during the mapping process creates a signal. When the hand is 
removed a difference over the values initially stored within the differential map is 
created. Such a difference may be mistaken by the DSP 248 for a relevant signal such 
as a finger signal. 

For simplicity of explanation the opposite case is taken: a user's finger may be 
placed on the display panel during the actual mapping process. The finger inputs a 
signal (Fls) to a sensor conductor 242 as before. The sensor conductor also receives a 
steady noise signal (Dls) from the display panel. Another sensor conductor 240 
receives a steady noise signal (D2s) from the display panel. These two sensor 
conductors are connected to the same diff amplifier 244. The differential received and 
amplified by the diff amplifier equals {(Dls)+(Fls)}-(D2s). Some time after the 
mapping process is over, the finger is removed. The new differential amplified is now 
equal to: (Dls)-(D2s). The DSP subtracts the value stored in the differential map from 
the new value. The result equals: {(Dls)-(D2s)}- [{(Dls)+(Fls)}-(D2s)] = -(Fls). 
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Realistically, the (Fls) value represent the magnitude, and the (-) sign represents the 
phase. This result is exactly the differentiation expected when a finger is placed on the 
second sensor conductor and assuming that a finger had not been placed on the first 
sensor conductor during the mapping process. The DSP responds as if a finger was 
detected, although no finger is actually placed on the display panel. 

One embodiment of the present invention utilizes the embodiment described 
above where the mapping process is performed once during the manufacturing 
process. As the expected signaling objects creating the detection of signaling objects 
through the mapping process problem explained above are mostly a user's finger, 
fingers, palm, fist etc; and as the manufacturing environment is one where no user is 
present, the problem is solved. 

The disadvantage of the above approach is the reliability of a single mapping 
process. Due to system's mobility, temperature changes, mechanical changes, etc, the 
differentiation between the signals produced by the display panel on any two sensor 
conductors connected by a differential amplifier may change over time, rendering 
previously recorded differential map values obsolete. A strictly controlled 
manufacturing process may solve the disadvantage by ensuring that no such changes 
occur, but such a process increases costs. On the other hand it is reasonable to believe 
that extreme changes in environmental conditions will not occur during a single 
operation cycle of the system (i.e. from turning on the computer until shutting it 
down). Hence, initializing the mapping process upon system initialization should 
suffice in most cases. 

One embodiment of the present invention comprises performing mapping 
during each system initialization. During the initialization the user may be warned, 
either by a caption on the display panel or in any other manner, not to touch the 
display panel. As the expected signaling objects are typically the user's finger, 
fingers, palm, fist etc, this warning solves the problem. In a variation, not only is 
mapping carried out at each initialization but again at every time there is a doubt 
regarding the validity of the differential map. Methods designated to identify such 
doubts are described hereinbelow. 



Methods of identifying doubts in the validity of the differentia] map 
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In one preferred embodiment of the present invention, simultaneous 
identification of more than a single finger's pattern is utilized in order to identify a 
doubt in the validity of the differential map. 

Thus, whenever the DSP simultaneously detects more then a single finger's 
signal pattern, a doubt in the validity of the differential map is inferred, and the DSP 
launches a new mapping process. 

Reference is now made to Fig. 1 8 with which an example of such a procedure 
is described. Two groups of three lines are shown, a first group labeled Fs and a 
second group labeled PFs. Each line represents two sensor conductors connected to 
the same differential amplifier. The lines represent sensor conductor axial signal 
detection, preferably after subtracting the steady noise from whatever source, such as 
the display panel steady noise, as explained above. The height of each line represents 
the signal's magnitude. (Fs) and (PFs) are finger signal patterns. If the user places a 
finger on the display panel during the mapping process, then a finger signal pattern 
(PFs) is detected only once the finger is removed, as explained above. Once the user 
actually places a finger, another finger signal pattern (Fs) is detected. Once two finger 
signal patters are detected on the same axis a doubt in the validity of the differential 
map occurs, and the DSP launches a new mapping sequence. 

It is noted that the same method can be used to identify not only more then one 
finger but also one single object that is larger than a finger, such as a fist or a palm. 
The detection of such an object's signal pattern immediately raises doubts regarding 
the validity of the differential map. 

• One disadvantage of the above described method of reinitializing in the 
face of a doubt is that it may enter an endless cycle of reinitializing. Thus, in the 
example explained in Fig. 18, the new mapping process is launched, but the finger 
that created signal pattern (Fs) in the first place is still in place on the display panel, 
damaging the validity of any reinitializing carried out at this point. 

• An additional disadvantage is that such a system may be used solely in 
systems capable of single finger detection. Once a system is designed to detect more 
than a single touch, then multiple touch is a totally legitimate input signal and cannot 
be taken as an indication that reinitializing is required. 

In another preferred embodiment of the present invention the detector 
identifies doubts in the validity of the differential map by utilizing the signal's phase 
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information. As explained above, the phase of a signal caused by a "pseudo" finger is 
opposite (1 80 degree) to the phase of a signal caused by a real finger placed in the 
same position. Therefore, in a preferred embodiment, the system identifies doubts by 
detecting contradictions between phase and position. However, since a differential 
amplifier has two inputs, negative and positive, a real finger located on the other input 
of the amplifier can lead to an opposite phase as well. Therefore, in order to avoid 
ambiguity, the system detects the position of the finger without using phase 
information. 

Such a method is described in US provisional patent application 60/406,662, 
in which the amplifier input (negative or positive) is determined using the magnitude 
of signals received by the neighbor conductors. 

The method is further explained as follows: If the user places a finger on the 
display panel during the mapping process, and then removes it, a finger signal pattern 
is detected as explained above. This method differentiates such a signal pattern from 
an actual finger that is placed on the display panel in the following manner: Sometime 
after the mapping process, a given differential amplifier amplifies a differential in the 
signals of the two conductors it connects. This differentiation's pattern fits the 
magnitude of a finger's pattern. 

The pattern is the result of the following scenarios: 
1. A user's finger has been placed on the display panel through the 
mapping process. The finger has sent a signal through the sensor 
conductor connected to the positive input of the differential amplifier, 
and, as a result, a signal (Fls) is sent to the differential amplifier (N). 
The sensor conductor also receives a steady noise signal (Dls) from 
the display panel. The sensor conductor connected to the negative 
input of the differential amplifier receives a steady noise signal (D2s) 
from the display panel. The differential consequently received and 
amplified by the differential amplifier equals {(Dls)+(Fls)}-(D2s). 
The finger is now removed. The differential signal amplified upon 
removal of the finger now equals {(Dls)-(D2s)}. The DSP now 
subtracts the value stored in the differential map from the new value. 
The result equals {(Dls)-(D2s)}- [{(Dls)+(Fls)}-(D2s)] = -(Fls). 
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Realistically, the (Fls) value represent the magnitude, and the (-) sign 
represents the phase shift. 
2. The pattern (magnitude and phase) is the result of a real finger 
currently sending a signal through the sensor conductor connected to 
the negative input of the differential amplifier. 

By using the magnitude of signals received and the neighboring conductors 
method disclosed in subchapter 4.6 of US provisional patent application 60/406,662, 
which subchapter is hereby incorporated by reference, the DSP detects whether the 
source is the negative input of the differential amplifier or the positive input thereof. 

• If the signal's source was the sensor conductor connected to the 
positive input of the differential amplifier then scenario number 1 appears to be the 
case and the differential map is not valid. A new mapping process or initialization is 
launched. 

• If the signal's source was the sensor conductor connected to the 
negative input of the differential amplifier then scenario number 1 mentioned above 
did not happen and the mapping is valid. The DSP consequently detects a finger. 

This method functions in an identical manner when the two options are: 

1 . A finger was sending a signal through the sensor conductor connected 
to the negative input of the differential amplifier, and has now been removed. 

2. A finger is currently sending a signal through the sensor conductor 
connected to the positive input of the differential amplifier. 

In order to increase the reliability of the detection of doubts in the mapping, 
either while using phase information or while using any other method, the system may 
limit the initialization of re-learning steady noises only to cases in which such doubts 
are presented for at least a predetermined minimum duration of time. Since the signals 
created by a pseudo finger are steady and never change over time, stability over time 
is an additional differentiation factor between real and pseudo signals. 

In one preferred embodiment of the present invention the signal induced by 
the finger is much larger then the steady noise signals. This ensures that a finger 
presence is always distinguished from the steady noise, hence enabling correct 
mapping process. For example, returning to Fig. 15, when capacitors 216 and 218 are 
of lower capacitances then the finger induced capacitance - a signal created by a 
finger touch is greater then the differential signal originating from capacitors 216 and 
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218. Hence, the steady noise originating from the coupling of the sensor array and the 
display screen cannot be mistaken for a finger touch. Any detected signals are 
translated into finger touch only when the received signal is considerably higher then 
the steady noise. Under these conditions, it is quite simple to identify a situation in 
5 which no fingers are present on the sensor plane to create a correct differential map. 

One possibility for creating such conditions is ensuring an air gap between the 
conductive lines of the sensor and the display screen. The existence of an air gap in 
such a location reduces the coupling capacitance between the sensor lines and the 
display screen to such a level that finger signals are much greater then the steady 
10 noise. Another possibility comprises placing the sensor plane in close proximity to the 
user finger, thus ensuring that the finger induced signal is greater then the steady 
noise. 

Reference is now made to Fig. 19, which is a simplified flow chart 
summarizing the three principle embodiments of the present invention. In FIG. 19, a 

15 stage 1 involves providing an oscillating electrical signal. In one embodiment the 
oscillating signal is transmitted, so as to be picked up by the finger etc doing the 
touching. In a second embodiment the oscillating signal is provided to one of the two 
groups of conductors. The oscillating signal is capacitively connected to the second 
group of conductors in the presence of a finger touch but not otherwise. In the third 

20 embodiment the detection device or the conductors are floated with the oscillating 
signal and the finger touch provides an AC short to earth. 

In stage S2, the capacitive effect is detected by monitoring of the conductors 
in the grid. Depending on the embodiment, the capacitive effect may be the signal 
from the finger, the signal connected from the other set of conductors, or the drop in 

25 voltage due to the AC short provided by the finger connection. In other embodiments, 
any other capacitive effect may be used. 

In stage S3 the signal is filtered. Depending on the embodiment the filtering 
stage may take on different forms, some of which are discussed in detail above. In 
stage S4 the filtered signal is used to identify where on the grid a touch has occurred. 

30 It is expected that during the life of this patent many relevant imaging devices 

and systems will be developed and the scope of the terms herein, particularly of the 
terms "stylus" and "transparent conductive material", is intended to include all such 
new technologies a priori. 
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Additional objects, advantages, and novel features of the present invention 
will become apparent to one ordinarily skilled in the art upon examination of the 
following examples, which are not intended to be limiting. Additionally, each of the 
various embodiments and aspects of the present invention as delineated hereinabove 
and as claimed in the claims section below finds experimental support in the 
following examples. 

It is appreciated that certain features of the invention, which are, for clarity, 
described in the context of separate embodiments, may also be provided in 
combination in a single embodiment. Conversely, various features of the invention, 
which are, for brevity, described in the context of a single embodiment, may also be 
provided separately or in any suitable subcombination. 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and variations 
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all 
such alternatives, modifications and variations that fall within the spirit and broad 
scope of the appended claims. All publications, patents and patent applications 
mentioned in this specification are herein incorporated in their entirety by reference 
into the specification, to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be incorporated 
herein by reference. In addition, citation or identification of any reference in this 
application shall not be construed as an admission that such reference is available as 
prior art to the present invention. 



